We describe a modified enzymic reagent for determination of cholesterol and cholesterol ester in serum and in highdensity lipoprotein. In this new procedure, the hydrogen peroxide produced by the action of cholesterol oxidase is used as a substrate for NAD+ peroxidase. Spectrophotometric determination of the NADH consumed in this coupled reaction provides a direct and absolute measure of the cholesterol originally present in free form and that liberated by the action of cholesterol ester hydrolase.
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#{149}
high-density lipoprotein cholesterol coupled enzymic assay for hydrogen peroxide
Assay of cholesterol and cholesterol esters by use of specific enzyme reagents has gained rapid and wide acceptance in recent years in both the clinical chemistry and biochemical research laboratories (1) (2) (3) (4) . The primary reactions involved in this assay are:
( 
Materials and Methods
Apparatus
Reagents for the Enzymic Assay
Standard phosphate buffer (100 mmol/L, pH 6.6) contained sodium aside (5 mmolfL), sodium acetate (50 mmol/L), EDTA (10 mmol/L), Triton X-100 (5 mL/L), and bovine Nonspecific oxidation of NADH under the test conditions described amounted to <1% of the initial NADH present (6) .
Cholesterol in HDL.
Mix 780 1tL of buffer, 100 izL of HDL fraction, and 10 tL of cholesterol oxidase, and equilibrate at 37 #{176}C as described for serum cholesterol. Determine cholesterol (free and esterified) exactly as described above for serum samples. The total HDL-cholesterol concentration rarely exceeds 880 mg/L of serum (corresponding to a -iA340 of 1.30), but if it does, repeat the assay, using only 50 zL of the HDL fraction and adding 50 tL of standard buffer to make the final volume of the reaction mixture the same.
Calculations
Because the molar absorptivity of NADH at 340 nm is 6.22
X 10 L mol1 cm1, the corresponding absorbance value for a 1 g/L (2.58 mmol/L) solution of cholesterol oxidized in the coupled enzyme system described is 16.087. Total serum cholesterol concentration (when a 25-zL sample is assayed) will be:
where -z.A is the total observed decrease in absorbance.
The fractional amounts of free and esterified cholesterol present are calculated from the decline in absorbance values recorded during the two stages of the reaction before and after cholesterol esterase is added.
For the HDL fraction (when a 100-sL sample is assayed), the total cholesterol concentration will be:
The concentration of free and esterified cholesterol in this fraction can be calculated as described above for the serum samples.
Results and Discussion
The composition of the reagent and the analytical procedure described were optimized. At pH 6.6 the activity of the three coupled enzymes was optimal. Triton X-100 (5 mL/L) was superior to a series of other commonly used detergents (9, 14) and had no apparent inhibitory effect on the coupled enzymic reactions. The inclusion of 1-2 g of bovine serum albumin per liter enhanced the solubility of cholesterol, preventing the development of turbidity and precipitation.
The added EDTA complexed the Mn2 in the HDL fraction and prevented its precipitation (9, 15, 16) . Because 10 mmol of EDTA per liter did not inhibit the action of any of the three reagent enzymes, the reagent described should also be effective for cholesterol estimation in lipoprotein fractions obtained by alternative procedures. Sodium azide was included as a potent inhibitor of catalase, an enzyme which often contaminates biological preparations and competes with the peroxidase for H202 (10, 11, 17) . At the concentration used, azide did not inhibit activity of the three enzymes in the reagent. Sodium acetate was incorporated because it is an effective activator of NAD peroxidase (5, 6) . Results of the manual determination of total serum cholesterol by the procedure described here correlated well with the continuous-flow colorimetric assay. Correlation parameters found for n = 63 were: slope, 0.961; y-intercept It also causes a small change in the specific absorption of the chromogen developed in the colorimetric reaction. But the EDTA added here eliminates these interferences by manganese ion (9, 15, 16) and consequently provides a more precise enzymic assay for HDL-cholesterol prepared by the MnS+_ heparin procedure.
The two-step assay described allows both free and esterified cholesterol to be rapidly determined in the same sample. For 45 samples of sera assayed, the mean total cholesterol was found to be 2340 mg/L (range 1540 to 5970 mg/L; SD 826 mg/L), of which 36% (range 30 to 47%; SD, 3.3%) was free cholesterol.
In the same samples, the mean total HDL-cholesterol content was 550 mg/L (range 220 to 1170 mg/L; SD 222 mg/L), of which 38% (range 31 to 64%; SD, 6.9%) was free cholesterol.
We attempted no correlation between age or sex of the individuals examined and the serum cholesterol concentration; the latter is somewhat higher than expected for the normal population (18) . This difference is ascribable to the sera analyzed; they were in many cases from patients with various hepatobiliary and circulatory disorders. Reportedly, several constituents found in serum interfere moderately with the cholesterol oxidase-horseradish peroxidase reaction (2, 3, 14, 16, 17, 19, 20) . In the present coupled enzymic reaction, addition to the serum of (per liter) 50 mg of ascorbic acid, 1 g of hemoglobin, 200 mg of bilirubin, 200 mg of uric acid, or 5 g of glucose did not significantly interfere with the cholesterol determination.
Also not inhibitory were ethanol, isopropanol, or dimethyl sulfoxide in 100 mL/L concentrations in the final assay solution. 
